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Abstract: With the increasing demand of power and energy, energy conservation and 
use of renewable resources have become a crucial necessity. Solar energy will become 
the ultimate and prime source of energy in near future. Therefore, highly efficient and 
low energy consuming solar-powered equipment and applications will soon be a major 
requirement. In this paper, solar charge controller using Maximum Power Point 
Tracking (MPPT) and Pulse Width Modulation (PWM) have been analyzed and 
compared, which is needed in all solar powered systems that utilize batteries. Its role is 
to regulate the power going from the solar panel to the batteries. Most of the modern 
charge controllers include PWM and MPPT. These charge controllers are designed 
such that the solar battery gets recharged quickly and does not get over discharged, 
thereby ensuring the prolonged lifespan of the battery.  
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1. Introduction 
Today’s world is facing an energy shortage due to 
the increase in consumption of energy day by day. 
This led to a decrease in natural resources like oil 
and natural gas that are not eco-friendly. To meet 
this increasing demand of power, renewable energy 
sources are an urgent need. Hence, solar energy, 
which is pollution free and easily available natural 
resource, can be used for power generation. 
The solar charge controller’s primary 
function is to maintain the amount of charge 
coming from the solar PV module that flows into 
the battery bank in order to avoid the batteries 
being overcharge. It performs three basic functions: 
(i) It limits and regulates the voltage from the 
solar panel to avoid overcharging the battery. 
(ii) While dc loads are used, the controller does 
not allow the battery to get discharge. 
(iii) Allows different dc loads to be used [1]. 
Modern charge controllers are pulse width 
modulation (PWM) and maximum power point 
tracking (MPPT) controllers which are mostly used 
now-a-days.  Both technologies are widely used in 
the off grid solar industries and are both great 
options for efficiently charging the battery. MPPT 
charge controller major role is to extract the 
maximum power from the PV module. The MPPT 
checks the output of the PV module, compares it to 
battery voltage then fixes what is the best power 
that PV module can produce to charge the battery 
to get maximum current into the battery. It is also a 
DC to DC converter which takes DC input from the 
PV module then changing it to AC and converting 
it back to DC voltage and current of different 
values to match the PV module of the battery 
[2].PWM comes into play when battery bank is 
full. It is use to control high current and voltage 
[3]. 
2. PWM  Charge Controller 
Pulse width modulation (PWM) main purpose is to 
switch the solar system controller power devices by 
applying a constant voltage battery charging. 
Modern charge controllers used PWM to allow 
lower amount of power applied to the batteries 
when the batteries are almost fully charged. PWM 
allows the battery to be fully charged with less 
stress on the battery prolonging the battery life. 
PWM controller works on the concept that 
when solar cell produces voltage, this voltage is 
then indicated by voltage indicator. After this 
measurement, voltage controller controls the 
voltage and thus by using this voltage solar panels 
batteries are charged [3]. 
 
Figure 1: Flowchart of Pulse Width Modulation 
(PWM) charge controller [3] 
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PWM charge controllers use technologies similar 
to other modern high quality battery chargers. 
Some of the unique benefits of PWM pulsing [5] 
are: 
 Ability to recognize lost battery capacity and to 
desulfate a battery. 
 Dramatically increase the charge acceptance of 
the battery. 
 Maximum high average battery capacities. 
 Equalize drifting battery cells. 
 Reduce battery heating and gassing. 
 Automatically adjust for battery ageing. 
 Self-regulate for voltage drops and temperature 
effects in solar systems. 
 
Figure 2: Current Vs Voltage curve for PWM [5] 
A PWM controller is not a DC-DC 
transformer. It is a switch, which connects the solar 
panel to the battery. When the switch is close, the 
panel and the battery will be at nearly the same 
voltage. The voltage will increase with increasing 
state of charge of the battery [3]. 
3. MPPT Charge Controller 
To increase the efficiency of a solar panel, use of 
MPPT, which is a power electronic device, comes 
into play. By using MPPT, the system will start 
operating at Maximum Power Point (MPP) and 
produces its maximum power output by detecting 
the maximum radiation on sun that falls into the PV 
module. Thus, it produces overall system cost [6]. 
Under certain conditions, MPPT charge 
controllers are used for extracting maximum 
available power from PV module so that the 
voltage at PV module can produce maximum 
power that is called ‘maximum power point’. 
Maximum power changes with solar radiation, 
ambient temperature and solar cell temperature. 
Maximum power point tracking (MPPT) technique 
is used to improve efficiency of solar panel [6]. 
Fig. 1 shows I-V characteristics of a non-
linear output efficiency of a solar cell as solar cells 
have a complex relationship between temperature 
and total resistance. Thus, the purpose of MPPT 
system is to sample the output PV cell and apply 
proper resistance to obtain maximum power for any 
environmental conditions. MPP is the product of 
MPP voltage (Vmpp) and MPP current (Impp) [7]. 
 
Figure 3(a): I-V characteristics of PV panel [7] 
 
 
Figure 3(b): P-V characteristics corresponding to 
I-V characteristics (red dot shows 
maximum power point (MPP) [7] 
The MPPT solar charge controller acts 
like a DC-DC transformer, which transforms power 
from a higher voltage to a lower voltage level. If 
the output voltage is lower than the input voltage, 
then the output current will be higher than its input 
current so product P=V*I remains constant. This 
equation implies that fluctuations in power also 
mean changing of voltage and current values [12]. 
There are three factors are to be 
considered when extracting maximum amount of 
power from a PV panel: 
(i) Irradiance: Changes PV panel current 
operating point 
(ii) Temperature: Changes PV panel voltage 
operating point. 
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(iii) Load: Used as a reference for the current and 
voltage [12]. 
 
4. Comparison Between PWM And 
MPPT Solar Charge Controllers 
PWM helps to get the batteries charged up, extends 
the life of the battery, and more of the power 
generated by the solar panels is stored. Since the 
batteries store more energy on average, a smaller 
battery (or less battery in a battery bank) can be 
used reducing overall system costs [13]. 
MPPT solar charge controllers allow users 
to use PV module with a higher voltage output than 
operating voltage battery system. Since MPPT 
units are generally larger in physical size so they 
are more costly as compared to PWM 
controllers[2].  
 
Table 1: Advantages of PWM and MPPT 
PWM MPPT 
 PWM controllers 
are built on a time 
tested technology 
 These controllers 
are inexpensive. 
 PWM controllers 
are available 
in sizes up to 
60Amps. 
 PWM controllers 
are durable, most 
with passive heat 
sink style cooling. 
 Can control high 
current and 
voltage. 
 Longer expected 
lifespan [3]. 
 
 MPPT solar charge 
controllers offer 
an increase 
in efficiency up to 
30%. 
 These controllers 
also offer the 
potential ability 
to have an array 
with higher input 
voltage than 
the battery bank. 
 Used to correct for 
detecting the 
variations in the I-V 
characteristics of 
solar cell. 
 It forces PV module 
to operate at voltage 
close to maximum 
power point to draw 
maximum available 
power.  
 Reduces complexity 
of system while 
output of system is 
highly efficient [2]. 
 
 
 
 
 
Table 2: Disadvantages of PWM and MPPT 
PWM MPPT 
 The Solar input 
nominal voltage 
must match 
the battery bank 
nominal voltage if 
we are going to use 
PWM. 
 There is no single 
controller sized 
over 60 amps 
DC as of yet. 
 PWM controllers 
have limited 
capacity for system 
growth. 
 Cannot be used 
effectively with 
60A panels. 
 
 MPPT controllers are 
more expensive. 
 MPPT units are 
generally larger in 
physical size. 
 Sizing an appropriate 
solar array can be 
challenging without 
MPPT controller 
manufacturer guides. 
 
 Using an MPPT 
controller forces the 
solar array to be 
comprised of like 
photovoltaic modules 
in like strings [10]. 
PWM charge controller’s work is to match the 
voltage of the panel to battery voltage and pulls 
down the panel output voltage in doing so. 
Whereas MPPT is the latest technology meant to 
extract maximum from solar panel. They operate 
according to the panel voltage and converts extra 
voltage of panel into current which increases the 
output from the solar system.  
MPPT controller is at least 30% more 
efficient than PWM controller i.e. with MPPT we 
get 30% more output of the solar power system. 
5. Conclusion 
In this paper, a detailed review of PWM and MPPT 
is presented. It is understood that the major role of 
renewable energy like solar energy in today’s 
world is going to play a role in the global energy 
sector. Renewable energy sources are cost 
effective, highly efficient and easy to install.  With 
better use of charge controllers the lighting 
systems’ efficiency will be increase. These charge 
controllers prevent reverse-current flow. When 
solar panels are not generating electricity, 
electricity flows backward from the batteries 
through solar panels. Hence, when the controller 
detects no energy from the solar panels, it 
disconnects the solar panels and hence stops the 
reverse current flow. The comparison between the 
two types of controllers shows the superiority of 
MPPT as compared to PWM. 
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